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Perilesional sun damage as a diagnostic clue for pigmented
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Abstract

Background Chronic sun damage in the background is common in pigmented actinic keratoses and Bowen’s disease
(PAK/BD). While explainable artificial intelligence (Al) demonstrated increased background attention for pAK/BD, humans
frequently miss this clue in dermatoscopic images because they tend to focus on the lesion.

Aim To analyse whether perilesional sun damage is a robust diagnostic clue for pAK/BD and if teaching this clue to
dermatoscopy users improves their diagnostic accuracy.

Methods We assessed the interrater agreement and the frequency of perilesional sun damage in 220 dermatoscopic
images and conducted a reader study with 124 dermatoscopy users. The readers were randomly assigned to one of two
online tutorials; one tutorial pointed to perilesional sun damage as a clue to pAK/BD (group A) the other did not (group
B). In both groups, we compared the frequencies of correct diagnoses before and after receiving the tutorial.

Results The frequency of perilesional sun damage was higher in pAK/BD than in other types of pigmented skin lesions
and interrater agreement was good (kappa = 0.675). The diagnostic accuracy for pAK/BD improved in both groups of
readers (group A: +16.1%, 95%-Cl: 9.5-22.7; group B: +13.1%; 95%-Cl: 7.1-19.0; P for both <0.001), but the overall
accuracy improved only in group A from (59.1% (95%-Cl: 55.0-63.1) to 63.5% (95%-Cl: 59.5-67.6); P = 0.002).
Conclusion Perilesional sun damage is a good clue to differentiate pAK/BD from other pigmented skin lesions in der-
matoscopic images, which could be useful for teledermatology. Knowledge of this clue improves the accuracy of der-
matoscopy users, which demonstrates that insights from explainable Al can be used to train humans.
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Introduction dermatoscopy. A handful of dermatoscopic criteria have been

Actinic keratosis (AK) and Bowen’s disease (BD), which is also
referred to as intraepithelial carcinoma (IEC), are regarded as
non-invasive variants of squamous cell carcinoma of the skin
(SCC).! Histologically, BD is characterized by dysplasia of the
entire epidermis, whereas AK is typified by dysplasia of the basal
layers.” Pigmented variants of AK and BD (pAK/BD) are difficult
to differentiate from other pigmented skin lesions, notably from
lentigo maligna and lichen planus-like keratosis (LPLK), even by
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described for pAK/BD but it is unknown if knowledge of these
criteria improves the diagnostic accuracy of clinicians.>*

A case series published in 2010 investigated 52 lesions of pBD
and established dermatoscopic criteria based on pattern analysis®
such as structureless brown areas, surface scales and pigmented
dots or coiled vessels arranged in lines. Another study performed
by Yi Yang et al in 2017 described scales, yellow crusts and coiled
(‘glomerular’) vessels as typical characteristics of pBD in 146
individuals of Asian descent.® In comparison to BD, pAK occurs
more frequently on the face and is typified by scale, prominent
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follicular openings, erythema and white circles, which appear as
four white dots (rosettes), under polarized dermatoscopy.
Despite various further efforts by different groups to improve

the diagnostic accuracy for pAK/BD,"”®

a recent study demon-
strated that human readers are inferior to computer algorithms
in a simulated telemedical setting.” While the best computer
algorithms diagnosed 90% of pAK/BD correctly, human readers
reached the correct diagnosis in only 50%. One reason for this
striking human underperformance may be that humans focus
on the lesion and not on the background, which in the case of
PAK/BD may contain diagnostic information. Except in the rare
cases of BD induced by human papillomavirus, perilesional sun
damage is always present in pAK/BD and may serve as an addi-
tional diagnostic clue. It seems that, in contrast to humans,
state-of-the-art computer algorithms harness this bit of informa-
tion. Bissoto et al., for example, showed that automated image
analysis retains high accuracy even when the lesion area is cov-
ered,'” and in a recent study, we demonstrated that background
attention of a state-of-the-art computer algorithm is higher in
pAK/BD than in any other category of pigmented skin lesions."'

While chronic sun damage is readily assessed in face-to-face
consultations, it may be difficult for humans to extract this
information from close-up or dermatoscopic images in telemed-
ical consultations or online reader studies. The aims of this study
were to estimate the frequency of perilesional sun damage in
dermatoscopic images of pAK/BD, to measure the interrater
agreement in assessing perilesional sun damage, to assess the
efficacy of a short online tutorial on pAK/BD, and to calculate
the additional benefit of pointing out the clue of perilesional sun
damage.

Methods

To verify if perilesional sun damage is a robust and relevant
visual feature, we randomly selected dermatoscopic images of
120 pAK/BD, 20 basal cell carcinomas (BCC), 20 BKL (Benign
keratotic lesions: Seborrheic keratosis, solar lentigo and lichen
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planus-like keratosis), 20 dermatofibromas, 20 melanomas and
20 melanocytic nevi from the HAM10000'* dataset. To certify
that the raters are not affected by their diagnosis, the centre area
(300 x 300 pixels) was filled with black pixels to cover the
lesion of interest (Fig. 1). Two raters (H.K., P.T.) separately
rated every image for the presence or absence of perilesional sun
damage in a single session. Interrater agreement was measured
via unweighted Cohen’s Kappa. In subsequent analyses, perile-
sional sun damage was deemed to be present only if both raters
agreed. We used a multivariable logistic regression including
sex, age and anatomic site as independent variables to estimate
the predictive value of perilesional sun damage for pAK/BD
(Table 1).

To assess the impact of teaching the clue of perilesional sun
damage to dermatoscopists, we designed a reader study and
hosted it on an online teaching platform (DermaChallenge,
https://dermonaut.meduniwien.ac.at/dermachallenge). The read-
ers were recruited via social media channels of the International
Dermoscopy Society (IDS). We mainly used the IDS Facebook
site for specific calls for this study. While the IDS Facebook site
officially has more than 25 000 members, single posts typically
reach no more than 5000 IDS members. The exact number of
members who received the invitation is unknown. The task of
the readers was to select the correct answer from 7 choices
(pAK/BD, BCC, BKL, DF, MEL, NV, VASC) for 10 images. The
images were randomly selected from all images that were previ-
ously rated by the same readers in an otherwise identical quiz
but before they received a tutorial. Then the readers were ran-
domly assigned to one of two online tutorials. Both tutorials
explained clues for pAK/BD such as angulated lines, prominent
follicular openings, white circles, rosettes, erythema, scaling and
pigmented dots and coiled vessels in a linear arrangement. The
tutorials were identical, except that one tutorial pointed out the
additional clue of perilesional sun damage (group A) and the
other did not (group B). Users were sequentially assigned to
group A and group B in an alternate fashion based on the time
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Figure 1 Example images with (a; pAK/BD; ISIC_0024575) and without perilesional sun damage (b; Melanoma; ISIC_0025835). (c) While
perilesional sun damage was present in many diagnostic groups, it was the most common in the pAK/BD class.

JEADV 2021, 35, 2022-2026

© 2021 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd

on behalf of European Academy of Dermatology and Venereology


https://dermonaut.meduniwien.ac.at/dermachallenge

2024

Weber et al.

Table 1 Adjusted odds ratios for predicting pAK/BD from meta-
data and sun damage as the only visual feature from a random
subset of lesions (n = 220)

OR (95%-Cl) P-value

Sun damage (Consensus) 5.56 (2.82-11.34) <0.001
Age 1.02 (1-1.05) 0.110
Anatomic site

Head & neck 5.86 (1.7-22.73) 0.007

Lower extremity 2.12(0.61-8.2) 0.253

Torso 2.63 (0.62-12.21) 0.199

Upper extremity 3.87 (1.12-14.99) 0.038
Sex Male 1.03 (0.52-2.02) 0.922

Bold values denote those with a p-value <0.05

of enrolment, resulting in two equally sized groups. Each reader
was allowed to play a maximum of three iterations of the quiz,
each iteration composed of a new set of images. In both groups,
we measured the proportion of correct diagnoses before and
after watching the tutorial.’

The study had a power of >0.9 to detect a 5% increase in the
frequency of correct answers between tests taken before and after
the intervention within a group. Given the observed effect size
(Cohen’s d 0.392), the study has a power of 0.58 at a significance
level of 0.05 to detect differences between the two groups.

To measure differences between groups, we compared contin-
uous measures with paired or unpaired #-tests or the Mann—
Whitney U-Test, as appropriate. To adjust for potential con-
founders, we applied a multivariate regression model without
stepwise elimination, including experience, profession, gender,
age and intervention group as variables. We used R-statistics
v4.0.3" for all analyses. All P-values are two-tailed and a P-value
of <0.05 was regarded as statistically significant. The study was
conducted in accordance with the Declaration of Helsinki and
was approved by the local ethics committee of the Medical
University of Vienna (EK Nr. 1503/2018).

Results

Frequency and interrater agreement of perilesional sun
damage

There was substantial agreement (kappa = 0.675) between two
raters who assessed perilesional sun damage independently. Tak-
ing the consensus of the two raters as ground truth, perilesional
sun damage was least common in nevi (5%, n = 1 of 20) and der-
matofibromas (25%, n = 5 of 20). It was present in 50% of mela-
nomas (n = 10 of 20), 55% of benign keratosis lesions (n = 11 of
20) and 60% of basal cell carcinomas (n = 12 of 20), and was
most common in pAK/BD (83.3%, n = 100 of 120; Fig. 1).

Reader study

Between January 15th and July 16th 2020, 124 readers (47.6%
female) participated in the online study. The readers played 2
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rounds on average resulting in 278 reading sets. The mean time
span between the first (before the tutorial) and the second read-
ing set (after the tutorial) was 188.6 days (95% CI: 159.3-217.8).
We found no relevant differences with regard to the distribu-
tions of reader characteristics between group A, which was
assigned to the tutorial that pointed out the clue of perilesional
sun damage and group B, which was assigned to the other tuto-
rial (Table 2). Both groups spent a similar amount of time on
the online tutorial (group A: median 49.19 s (IQR: 33.49) vs.
group B: 56.48 (IQR: 37.49), P = 0.335). In group A, the mean
number of correct answers improved from 59.1% (95% CI:
55.0-63.1) before the tutorial to 63.5% (95% CI: 59.5-67.6;
P = 0.002) after the tutorial. The number of correct answers did
not improve significantly in group B (59.5% (95% CI: 55.9—
63.1) vs. 60.3% (95% CI: 56.7-63.8); P = 0.44). In a direct com-
parison, improvement of overall correct answers per user was
higher in group A than group B (P = 0.031), and in a multivari-
ate model assignment to group A remained an independent pre-
dictor of improving previously incorrect answers (OR 1.23;
95%-CI 1.06-1.42; P = 0.005). Analysing the results by diagnos-
tic category revealed that both groups improved significantly for
pAK/BD (group A: +16.1% (95% CI: 9.5-22.7), P < 0.001;

Table 2 Characteristics of readers of group A (assigned to the
tutorial pointing to perilesional sun damage) and group B

Group A Group B
n 62 62
Age group
20-30 years 24.2% (n = 15) 43.5% (n = 27)
31-41 years 41.9% (n = 26) 17.8% (n = 11)
41-50 years 19.4% (n = 12) 16.1% (n = 10)
51-60 years 11.3% (n=7) 16.1% (n = 10)
61+ years 3.2% (n = 2) 6.5% (n = 4)
Experience
<1 year 25.8% (n = 16) 38.7% (n = 24)
>1 year 19.4% (n = 12) 11.3% (n=7)
>3 years 22.6% (n = 14) 17.8% (n = 11)
>5 years 17.8% (n = 11) 19.4% (n = 12)
>10 years 14.5% (n=9) 12.9% (n = 8)
Gender
Female 51.6% (n = 32) 43.5% (n = 27)
Male 48.4% (n = 30) 54.8% (n = 34)
Other - 1.6% (n=1)
Profession

Board certified dermatologist 50.0% (n = 31)

21.0% (n = 13)

35.5% (n = 22)

Dermatology resident 21.0% (n=13)

General practitioner 8.1% (n = 5) 17.7% (n = 11)
Medical specialist 1.6% (n=1) -

Medical student 12.9% (n = 8) 24.2% (n = 15)
Non medical 1.6% (n=1) -

Nurse practitioner 3.2% (n=2) 1.6% (n=1)
Resident 1.6% (n=1) -
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Figure 2 Mean change of correct answers of participants after
seeing the short tutorial on pAK/BD clues. Group A was assigned
to the tutorial that pointed to perilesional sun damage as an addi-
tional clue. Circles denote means, and error bars 95% confidence
intervals.

group B: +13.1% (95% CI: 7.1-19.0), P < 0.001), but in group B
the improvement was outweighed by a decreased diagnostic
accuracy for BKL (Figure 2).

Discussion

In this study, we demonstrate that perilesional sun damage is a
robust and relevant diagnostic clue for pAK/BD. This clue was
detected by the methods of explainable artificial intelligence (AI)
in the context of a human—computer collaboration study.'" Al-
based decision support may augment human expertise in image-
based diagnostic medicine.'*'®> There are, however, concerns
that Al may replace physicians instead of supporting them.
Instead of playing off human intelligence against artificial intelli-
gence, it might be better to take the best of both worlds. In a pre-
vious study, we showed that perilesional sun damage helps
medical students, who had no experience in dermatoscopy, to
detect pAK/BD with higher accuracy.!' Here, we demonstrate
that teaching this clue improves the accuracy of human der-
moscopy users with varying expertise.

Human-computer collaboration has finally come full-circle:
Humans collected and provided training and test images,'? the
accuracy of Al was superior to humans in a subset of cases,’
insights of explainable AT were translated into an understandable
concept,' and finally, the concept was used to train humans and
improve their diagnostic accuracy.

Furthermore, we demonstrated that minimalistic online tuto-
rials are sufficient to train dermoscopy users. Both groups
improved significantly with regard to the diagnostic accuracy of
PAK/BD after seeing a short online tutorial on the clues of pAK/
BD. There was no comparable improvement for other diagnoses,
which points to the effect of the specific content of the tutorial.
However, the overall diagnostic accuracy improved only in the
group assigned to the tutorial that pointed out the clue of perile-
sional sun damage (group A), but not in the other group (group
B), which received an otherwise identical tutorial. The reason for
this was most likely that in group B the combined decrease of
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the accuracy for all other diagnostic categories outweighed the
gain in the accuracy for pAK/BD. This effect was most pro-
nounced in the category of benign keratinocytic lesions. Lichen
planus-like keratosis (LPLK) in particular is difficult to differen-
tiate from pAK/BD, but our data indicate that this may be easier
if perilesional sun damage is taken into account. We hypothesize
that here not only the presence of sun damage but also the
absence of sun damage guided decisions. Hence, lesions that
would have been diagnosed as pAK/BD can be diagnosed cor-
rectly as something else because of the lack of perilesional sun
damage.

We expect our findings to be of specific importance for teled-
ermatology. In contrast with live-consultations'® that are not
always feasible, the assessment of chronic sun damage is not
readily available in store-and-forward teledermatology applica-
tions, which frequently use close-up or dermatoscopy images
without context information.

Limitations

Like in most publicly available dermatoscopic image data sets,
individuals with darker skin type are underrepresented in our
data set. This may lead to biased results.

The ratings from the reader study were collected in a gamified
manner, which was similar but not identical to a real telemedical
setting. In contrast to a real telemedical setting, no metadata were
provided to participants. Metadata, such as age and anatomic site,
could be surrogates for chronic sun damage and could improve
the accuracy in a similar way as the information of perilesional
sun damage. In practice, however, nearly any anatomic site can be
prone to severe chronic sun damage. The association between
anatomic site and pAK/BD is indirect, i.e. not causal, while there
is a direct causal relation between UV-damage and pAK/BD.
From two related predictors, one providing direct, the other indi-
rect evidence, we selected the one with direct evidence.
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